Negative and positive symptoms are defining features of schizophrenia. This illness is commonly associated with a number of cognitive and affective deficits as well as with some more specific sleep abnormalities. It has been previously proposed that psychosis and positive symptoms in schizophrenia could be understood as disorders of internal brain dynamics. This proposed disordered network interplay might be particularly displayed during sleep when modulation by the senses is at the minimum. It is argued here that sleep abnormalities in schizophrenia inform our understanding of the pathomechanisms involved in psychosis. More specifically, sleep spindle initiation in NREM sleep and the preparation of sensory pathways for upcoming motor actions during wakefulness may share a common mechanism, and this shared mechanism is suggested to be impaired in schizophrenia.
more cortical and TRN neurons and with each subsequent cycle of firing greater numbers of thalamic and cortical neurons are recruited into the oscillatory spindle activity [8, 12] . This spread of oscillatory burst firing between the cortex and the thalamus is thought to be favored by the low cholinergic tone during the NREM sleep.
As already suggested above, the thalamic and the TRN neurons display two modes of firing, the so called tonic and burst firing [8, 12] . When relatively depolarized, thalamic cells respond to incoming inputs tonically or, in other words, they display single action potentials in response to their excitatory inputs. Alternatively, when in a relatively hyperpolarized state, they respond with a burst of action potentials. The state of thalamocortical neurons, and consequently, their mode of firing is determined by their inhibitory inputs that include the TRN [11] .
Namely, low frequency tonic firing of the inhibitory cells results in small amplitude inhibitory post-synaptic potentials (IPSPs) in their target thalamic cells, which allows them to remain relatively depolarized and to also fire tonically. Alternatively, when inhibitory cells fire at higher frequency, their firing causes large amplitude IPSP in their thalamic relay cell targets. Consequently, the cells become hyperpolarized and, if they remain in this state for 100 ms, the low threshold calcium channels in the thalamocortical cells become deinactivated, which results in an influx of calcium into the cell [13] . The influx of calcium into the thalamic relay cell and its consequent relative depolarization is termed the low threshold calcium spike. When this occurs, the relay cell rebounds and responds with a burst of action potentials when further depolarized by incoming inputs from its excitatory afferents.
As already mentioned, sleep spindle initiation involves the switch to the postinhibitory burst firing in the TRN [9] and it has been found to be preceded by prolonged hyperpolarization of TRN neurons induced by volleys of corticothalamic neuronal firing [14] .
This hyperpolarization was found to be a result of increased G protein-coupled potassium conductance. It would be arguably important to answer by which mechanism excitatory glutamatergic corticothalamic inputs to the TRN could cause sustained hyperpolarization.
Fuentealba and others [14] 
Sleep abnormalities in schizophrenia
In recent studies, Ferrarelli et al. [22, 23] found that sleep spindles in schizophrenia are reduced in vast majority of patients with this illness. More specifically, sleep electroencephalographic (EEG) findings in participants with schizophrenia, who were receiving antipsychotic medications, were compared to those of healthy individuals as well as to patients with history of depression [22] and patients who were likewise receiving antipsychotics but did not suffer from a psychotic disorder [23] . The sleep spindle reductions were found to be present in 85-90% of the participants with schizophrenia and antipsychotic use and overall intelligence were not found to account for this finding. Moreover, the sleep spindle amount was found to be negatively correlated with positive symptoms [23] . The authors argued that the reduction may be a marker for the illness. More specifically, the participants with schizophrenia had reductions in several sleep spindle parameters including spindle duration, amplitude and integrated spindle activity, but the greatest reductions may have been in spindle number [23] .
This suggests that spindle initiation may be especially impaired in schizophrenia. Reduced sleep spindles in schizophrenia were also reported in other studies [24] [25] [26] , but there are earlier studies that did not find this [27] [28] [29] .
As sleep spindle initiation involves prolonged hyperpolarization of some TRN neurons [14] and their switch to the burst firing mode [9] could the reduction in sleep spindle parameters, More specifically, Huffaker and others [6] reported that schizophrenia is associated with single nucleotide polymorphisms in the KCNH2 gene that encodes ether-a-go-go-related (ERG) potassium channels. The ERG potassium channels are found in the heart and the brain, and they are thought to be strong inward rectifiers, which means that they preferentially conduct outward potassium currents in states of relative hyperpolarization thereby allowing neurons to remain in this state in a sustained manner [30] . The ERG channels are most active in periods following intense excitatory activity.
The KCNH2-3.1 isoform of the KCNH2 gene lacks a domain that plays a part in the slow deactivation of this channel, which means that its overexpression may lead to rapid deactivation of outward potassium currents, and therefore, also to increased neuronal excitability of the neurons in the brain regions where the ERG family of potassium channels is found. Importantly, the ERG channel family is distributed differentially in the brain and is found in the TRN as well as in some other brain regions [31, 32] . Thus, in genetically vulnerable individuals, schizophrenia could involve a reduced ability of the TRN neurons to become hyperpolarized in response to high frequency corticothalamic activity such as during the "up"
states of SWS slow oscillations.
positive symptoms and reduction in thalamic burst firing
Interestingly, group II mGluR agonist LY2140023 has been reported to be a potential antipsychotic agent in an animal [33] and a human study [34] . As the stimulation of these receptors in the TRN by high levels of glutamatergic activity during the SWS "up" It is proposed here that the illness involves reduced propagation of high frequency activity in the cortico-thalamo-cortical loops, which has been argued to underpin brain activity across all major behaviors including sleep [36] . Other authors have suggested a close relationship between bursting in sensory systems and behavior [37] . In particular, burst propagation from the cortex to the thalamus might be important for the control of thalamic sensitivity to its afferent inputs [38] , especially those with relevance to ongoing behavior [37] .
In a recent review [4], it was argued that cortico-thalamo-cortical burst propagation may be important for the preparation of ascending sensory pathways and sensory cortical areas for reafferent sensory inputs. Namely, Fuster 
conclusion: neurotransmitter models of schizophrenia and the thalamus
The main argument in this review is that the Lisman and others [43] . Along the same lines,
Buzsaki [45] reported that antidopaminergic drugs increased the amount of thalamic burst firing in rodents. Also, Buzsaki [46] reported that the NMDA antagonist ketamine decreased the amount of thalamic burst firing in rodents. In summary, the proposal that dopamine overactivity and/or NMDA hypofunction are associated with increased burst firing is not consistent with all of the available literature.
Schizophrenia research would greatly
benefit from determining the role of dopamine and NMDA signaling in thalamic neurophysiology. The dopamine signaling in the thalamus has recently been termed a potential "hotbed" for psychosis [47] . When considering the impact of dopaminergic and NMDA signaling on potassium conductances and membrane potentials in the thalamus, plasticity may play an important role [48] .
Namely, as pointed out in the review by 
